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(54) AUTONOMOUS MOBILE ROBOT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To solve a situation without preparing an avoidance 
program wherein every situation is assumed. 

SOLUTION: This robot 10 decides whether an obstacle is a previously registered 
obstacle or not when the obstacle is present on the moving route of the robot 10. 
When the obstacle is the previously registered obstaclea microcomputer 26 takes 
avoidance action according to an avoidance program stored in a ROM 28. When 
the avoidance action is completedthe robot 1 0 advances to a destination along the 
moving route. When the encountered obstacle is unknownthe microcomputer 26 
decides whether a person is present near the robot 10 or not. When the 
microcomputer 26 decides that some person is presentthe microcomputer 26 asks 
the person for help. After the person removes the obstaclethe robot 10 advances 
to the destination along the moving route. 



CLAIMS 



[Claim(s)] 

[Claim 1]An autonomous mobile robot provided with a help request means which 
requires a help when it judges that people exist by the 1 st decision means that 
Judges whether people exist in the circumference when a strange obstacle is 
encounteredand said 1st decision means. 

[Claim 2]The autonomous mobile robot according to claim 1 in which said help 
request means generates a voice help message. 

[Claim 3]It has further a detection means to detect an obstacle on moving 
truckingand the 2nd decision means that judges whether a detection obstacle 
detected by said detection means is a predetermined obstacleThe autonomous 
mobile robot according to claim 1 or 2 said 1st decision means judges existence of 
people to be when said detection obstacle is not said predetermined obstacle. 
[Claim 4]The autonomous mobile robot according to claim 3 which is further 
provided with the 1 st memory that memorized said two or more predetermined 
obstacles and as which said 2nd decision means judges said detection obstacle as 
compared with said two or more predetermined obstacles. 
[Claim 5]The 2nd memory that memorized two or more evasion programs 
corresponding to said two or more predetermined obstaclesAnd the autonomous 
mobile robot according to claim 4 further provided with an avoiding means which 
reads an evasion program compatible with said detection obstacle from said 2nd 
memoryand performs evasive action when said detection obstacles are said one of 
predetermined obstacles. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]Especially this invention relates to the autonomous mobile 
robot which moves while it is applied to a pet robota robot for nursing carea 
cleaning robotetc. and an obstacle is avoided about an autonomous mobile robot. 

[0002] 

[Background of the Invention]In a completely automatized plant etc.a robot moves 
about the inside of a factory and parts are conveyed. There are some simple 
robots which move according to the mark displayed above the floor leveland some 
autonomous robots which take predetermined action are in thisrecognizing the 
surrounding situation using a camera or an ultrasonic sensor. As for the use as a 
cleaning robot or a data delivery robotthe autonomous robot is examined in the 
usual office building. 
In the part [ further jit is actually used. 

[0003] 

[Problem(s) to be Solved by the Invention]Howeverit is next to impossible for it to 
be necessary to give an action command beforehand to an autonomous robot 



andand to set up an action command supposing all the situations. That iswhen the 
big carton box in the passage in which anything should not have an obstacle is 
neglected and advance of the robot is barred usuallythe robot can push a carton 
box and can also put it away from a passagebut a carton box may be what must 
not move from the spot. For this reasonit is insufficient simple "it push and tidy 
upif there are some which bar advance" up as an action command given to a robot. 
Thusit is actually impossible to prepare beforehand the perfect action command 
which can cope with all the situations. 

[0004]Sothe main purpose of this invention is to provide the autonomous mobile 
robot which can aim at solution of the situation without preparing the action 
command supposing all the situations. 
[0005] 

[Means for Solving the Problem]This invention is an autonomous mobile robot 
provided with a help request means which requires a helpwhen existence of people 
is judged by the 1st decision means that judges whether people exist in the 
circumference when a strange obstacle is encounteredand the 1st decision means. 

[0006] 

[FunctionjWhen a strange obstacle is encounteredit is judged by the 1st decision 
means whether people exist in the circumference. If existence of people is judged 
by the 1st decision meansa help request means will require a help. 
[0007]A help request means generates a voice help message preferably. 
[0008]In an example with this inventionthe obstacle on moving trucking is detected 
by a detection meansand it is judged by the 2nd decision means whether this 
detection obstacle is a predetermined obstacle. The 1 st decision means judges 
existence of peoplewhen a detection obstacle is not a predetermined obstacle. 
Preferablysaid two or more predetermined obstacles are memorized by the 1st 
memoryand the 2nd decision means judges a detection obstacle as compared with 
two or more predetermined obstacles. Two or more evasion programs compatible 
with two or more predetermined obstacles are memorized by the 2nd memory, a 
detection obstacle — one of predetermined obstacles — be — an avoiding means 
reads an evasion program compatible with a detection obstacle from the 2nd 
memoryand a ** case performs evasive action. 
[0009] 

[Effect of the Invention]According to this inventionwhen an autonomous mobile 
robot encounters a strange obstacleit judges whether people exist in the 
circumferenceand since the help was required when people existedsolution of the 
situation can be aimed atwithout preparing the action command supposing all the 

situations. 

[0010]The above-mentioned purpose of this inventionthe other purposesthe 
featureand an advantage will become still clearer from the detailed explanation of 
the following examples given with reference to drawings. 
[0011] 

[Example] Drawing 1 is a front view showing the autonomous mobile robot 10 of 
one example of this invention. With reference to this drawing l as for the 



autonomous mobile robot (only henceforth a "robot") 10 of this examplethe wheel 
14 is formed in the lower part of the case 12 pivotable with the axis 16 including a 
main part thru/or the case 12. It drives by the motor 36 (drawing 2 )this wheel 14 
16i.e.axisand it can move in the directions with the arbitrary robot 10 by this. 
[0012]Although the graphic display is omittedin relation to the axis 16 or the wheel 
14the power transmission device which can control a wheel on either side 
independentlyfor examplea deferential gear etc. is incorporated. Two motors may 
be used in order to carry out independent control of the wheel 14 on either side. 
Since such a drive system itself does not necessarily have the 
featureotherwisethe composition of a drive system is considered, 
[0013]the case 12 — **** — it is mostly formed in a rectangle and the ultrasonic 
sensor 18 is arranged in the four sides. Each ultrasonic sensor 18 is the 
combination of an echo sounder transmitter and an echo sounder receiverand 
outputs time after an ultrasonic wave is outputted from an echo sounder 
transmitter until an ultrasonic wave is received by the echo sounder receiver to 
the below-mentioned microcomputer 26 ( drawing 2 ). The microcomputer 26 
detects the position of the robot 10 in the roomexistence of an obstacleetc, with 
the temporal data from the ultrasonic sensor 18. The image sensor 20 which has a 
CCD camerafor example is formed in the front face of the case 12. With a CCD 
camerathe image sensor 20 photos a front object and outputs photographed image 
data to the microcomputer 26. 

[0014]IR sensor 22 which detects a heat ray is formed in the upper surface of the 
case 12. When a heat source (for examplehuman being and an animal) exists in the 
circumferencedetection data is outputted to the microcomputer 26 from IR sensor 
22and the microcomputer 26 recognizes that a heat source exists in the 
circumference with this detection data. The loudspeaker 24 is formed in the upper 
surface of the case 12 again. The loudspeaker 24 incorporates the synthetic voice 
data generated with the microcomputer 26and utters corresponding synthesized 
speech. 

[0015]With reference to drawing 2t he microcomputer 26 is formed in the case 12 
of drawing 1 , Although the one microcomputer 26 is illustrated in drawing 2t wo or 
more microcomputers are provided and it may be made to make taskssuch as 
image processingspeech processingand drive controllingshare with each if needed. 
Howeverone or more microcomputers are represented with explanation here with 
the microcomputer 26 for convenience. 

[0016]The microcomputer 26 gives synthetic voice data to the loudspeaker 24 
while receiving the input from the ultrasonic sensor 18 explained with reference to 
drawing 1t he image sensor 20and IR sensor 22. Although not illustrated in drawing 
Uhe encoder 32 and the compass 34 are further formed in the robot 10. The 
encoder 32 is individually formed in the wheel 1 4 on either sideand inputs the 
pulse signal of the number according to the number of rotations of each wheel 14 
into the microcomputer 26. In the microcomputer 26the speed which counts the 
pulse signal from each ENDA 32and the robot 10 is movingand the position which 
changes every moment are calculated. The compass 34 is for knowing the 



direction (the move direction) of the robot 10. 

[OOlTjHereas the room which the artificer etc. used for the experiment of the 
robot 10 is shown in drawing 3 4 m around is a square room mostlyand the inside of 
the room is divided into four blocks. At the startthe goal (target position) is set as 
the diagonal position for the portion of the door. The map data of this room is 
beforehand memorized by RAM30 of the microcomputer 26and the robot 26 can 
know a current position by the input from map datathe above-mentioned encoder 
32and the compass 34. Moving trucking data is memorized by RAM30 again and 
the robot 10 moves in the inside of the room according to this moving trucking 
data. The memorized moving trucking is shown to drawing 2 by the arrow. On the 
other handthe main program for autonomous movement is memorized by 
ROM28and also two or more evasion programs corresponding to two or more 
image data of an obstacle and each obstacle are memorized. 
[0018]The microcomputer 26 specifically processes the flow chart shown in 
drawing 4 memorized by ROM28. Temporal data is first incorporated from the 
ultrasonic sensor 18 at Step SI and it is judged whether the obstacle was 
encountered or not. As shown in drawing 3 when the obstacle 38 is on the moving 
trucking of the robot lOthe value of temporal data is less than a predetermined 
threshold in this side where the robot 10 collides with the obstacle 38. At this 
timethe microcomputer 26 is judged to be YES at Step SI and progresses to Step 
S3. On the other handwhen temporal data is beyond a predetermined 
thresholdaccording to moving trucking dataonly prescribed distance moves at Step 
S7and the post-^processing is ended. 

[0019]In Step S3the photographed image data of the obstacle 38 which 
encountered is incorporated from the image sensor 20and it is judged whether this 
obstacle 38 is an obstacle registered to ROM28or it is a strange obstacle. 
Specificailythe picture of the photoed obstacle 38 is judged as compared with the 
picture of two or more obstacles registered beforehand. Hereif the obstacle 38 is 
registeredit will progress to Step S5and evasive action according to an evasion 
program compatible with this obstacle 38 is performed. That isan evasion program 
compatible with the obstacle 38 is read from ROM28and this evasion program is 
processed. After finishing evasive actiononly prescribed distance moves at Step 
S7and the microcomputer 26 ends processing. 

[0020]When the obstacle 38 differs from the obstacle registered beforehandit is 
judged whether the microcomputer 26 progresses to step S9 and requires human 
being for the same block as the robot 10 (when it is a strange obstacle). It is 
judged whether a detection signal is first incorporated from IR sensor 22and a heat 
source specifically exists in the neighborhood based on the incorporated detection 
signal. Hereif a heat source does not existafter interrupting and carrying out 
specified time elapse of the processing at Step S13it returns to step S9. On the 
other handif a heat source existsnext it will turn to the direction of this heat 
sourceand it will incorporate the photographed image data of a heat source from 
the image sensor 20. If photographed image data is incorporateda complexion 
range will be detected from the picture of the heat source which extracted the 



picture of the heat source and was further extracted from this taken image. And 
based on the data of the detected complexion rangeit is judged whether a heat 
source is human being. 

[0021] Also when a heat source is not human being (in for examplethe case of an 
animal)the microcomputer 26 progresses to Step S13and after only predetermined 
time interrupts processingit returns to step S9. On the other handwhen a heat 
source is human beingthe microcomputer 26 progresses to Step S1 1 from step 
S9and emits the help message by synthesized speech from the loudspeaker 24. 
Hereas a help messagea vague message like "help me" and a concrete message 
like "move a front obstacle aside" can be considered. After finishing the output of 
a help messageit returns to Step SI. 

[Q022]Thusif the heat source is not human being even if there is no heat source in 
the neighborhood or there is a heat sourceprocessing of Step SI 3 and S9 will be 
repeated. As a resultthe robot 10 continues stopping before the obstacle 38. On 
the other handa heat source exists in the neighborhoodand if this heat source is 
human beinga help will be required of human being by a help message. If a help 
message is answered and human being removes the obstacle 38the microcomputer 
26 will be judged to be NO at Step SI and only prescribed distance will move it 
according to moving trucking data at Step S7. And processing is ended. The 
microcomputer 26 repeats processing of the above flow chartsand performs itand 
the robot 10 goes to the goal in accordance with moving trucking by this. 
[0023]If it is an obstacle in which the obstacle which encountered is registered 
according to this exampleevasive action will be performed according to that 
obstacle compatible evasion programSince the help was required of the 
surrounding person when it was a strange obstacle with which the obstacle which 
encountered is not registeredsolution of the situation can be aimed at without 
preparing the evasion program supposing all the situations. 
[0024]Howeverwhen asking for help human being whose robot is in the 
neighborhoodhuman being does not result only by a robot emitting a message in 
many cases to action of helping even if it is hard to pay attention and pays 
attention. It is possible to take the action which draws the mind of human being 
like what is called an eye catch as a method of solving such a problem. For 
examplewhen movement is barred with an obstacleit is a case where exaggerated 
action of burying one's head in one's hands by handand shaking a head is 
performed. 

[0025]Howevereven if it carries out action that a robot lengthens people's mind 
suddenlythere is a possibility that he may be conversely afraid. Such a problem is 
solvable by making the relation which is comfortable among the surrounding human 
beings from usually. What is necessary is just to specifically build the good relation 
with the surrounding human being by the method described below. 
[0026] From usuallypassing human being does not have a robot with some one or 
anotherand it greets him. If passing human being is carrying an ID device like a 
radio badgea partner's name will be called and it will greet. "Mr. good morning and 
OO" and the contents of the greeting like "Mr. **** and good evening" are 



changed by time. If the name of human being who is present in the neighborhood 
can be specified when ROBO@TTO needs helpa robot will call the human being's 
name and will ask for help. When the name of the person who had you help can be 
specifiedthe number of times which I had helped is counted for every name. 
[0027]When the partner who asked for help cannot understand the demand of a 
robot and help is not obtainedhelp emits the name of the given person and I get 
the person to connect most [ in the past ] robots. The initial value of the name 
which a robot emits may be a maker of a robot. If the person who was not able to 
understand the demand of the robot calls the person of the name which the robot 
emitted and the situation of a help of the person is observedhe can understand 
what kind of help was requiredand can help by himself from next time. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a front view solution figure showing the robot of one example of 

this invention. 

[Drawing 2] It is a block diagram showing the composition of the robot of the 
drawing 1 example. 

[Drawing 3] It is an illustration figure showing the outline of the room in which it 
used for the experiment. 

[Drawing 4] It is a flow chart showing a part of operation of the drawing 1 example. 
[Description of Notations] 



10 


— Robot 
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— Wheel 
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— Ultrasonic sensor 
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— Image sensor 
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— IR sensor 
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— Loudspeaker 
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— Microcomputer 
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— Encoder 
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— Compass 
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— Motor 



